Objective-To assess the extent of early atherosclerotic changes of the carotid arteries in young patients with familial hypercholesterolaemia (FH) detected as increased intima-media thickness (IMT), and to determine the relations between IMT and some clinical and blood variables such as lipid and lipoprotein(a) (Lp(a)) concentration and haemostatic factors. Design-The IMT of the carotid bifurcation, the proximal 1 cm of the internal carotid artery, and the distal 1 cm of the common carotid artery was determined in all subjects using B mode ultrasonography. Blood lipids, fasting glucose, and several haemostatic variables were also analysed. Subjects-28 patients with FH (12 males and 16 females aged 11 to 27 years, one homozygote, 27 heterozygotes) and 28 sex and age matched normolipidaemic healthy subjects. Results-The mean carotid IMT (the average of six measurements of the maximum far wall IMT in the three carotid segments on each side) was significantly greater in patients with FH than in controls (mean (SD) 0-71 (0.15) v 0 49 (0.08) mm, P < 0.001). In all subjects, the mean IMT was significantly correlated with total cholesterol (r = 0.59), low density lipoprotein (LDL) cholesterol (r = 0.60), triglycerides (r = 0.27), and systolic blood pressure (r = 0 47 
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Objective-To assess the extent of early atherosclerotic changes of the carotid arteries in young patients with familial hypercholesterolaemia (FH) detected as increased intima-media thickness (IMT), and to determine the relations between IMT and some clinical and blood variables such as lipid and lipoprotein(a) (Lp(a)) concentration and haemostatic factors. Design-The IMT of the carotid bifurcation, the proximal 1 cm of the internal carotid artery, and the distal 1 cm of the common carotid artery was determined in all subjects using B mode ultrasonography. Blood lipids, fasting glucose, and several haemostatic variables were also analysed. Subjects-28 patients with FH (12 males and 16 females aged 11 to 27 years, one homozygote, 27 heterozygotes) and 28 sex and age matched normolipidaemic healthy subjects. Results-The mean carotid IMT (the average of six measurements of the maximum far wall IMT in the three carotid segments on each side) was significantly greater in patients with FH than in controls (mean (SD) 0-71 (0.15) v 0 49 (0.08) mm, P < 0.001). In all subjects, the mean IMT was significantly correlated with total cholesterol (r = 0.59), low density lipoprotein (LDL) cholesterol (r = 0.60), triglycerides (r = 0.27), and systolic blood pressure (r = 0 47). No correlation was found between the mean IMT and Lp(a), fibrinogen, tissue plasminogen activator, and plasminogen activator inhibitor 1. Conclusions-The majority of young patients with FH have a greater intimamedia thickness of the carotid arteries than healthy subjects. Since Each subject was clinically examined before the study. Systolic and diastolic blood pressures were measured twice with a mercury sphygmomanometer after a minimum of 10 minutes rest. The mean was used in the analysis. Body mass index was calculated from the ratio: body weight/(body height)2 in kg/M2.
Informed consent was obtained from the subjects above 18 years. In participants aged less than 18 years, the informed consent was signed by their parents. The study was approved by the State ethics committee.
CAROTID ULTRASOUND EXAMINATION
Carotid ultrasound examination was performed using a high resolution B mode Diasonics VST ultrasound system with a 10 MHz linear array transducer. During the examination the subjects lay in the supine position. The B mode scanning protocol involved scanning of the right and left carotid artery. On each side the measurements of the maximum far wall IMT were carried out on three segments, including the proximal 1 cm of the internal carotid artery, the carotid bifurcation, and the distal 1 cm of the common carotid artery. Measurements were made by the examiner using the instrument's electronic calipers. The mean IMT was calculated for each patient as the average of six measurements of the maximum far wall thickness in three carotid segments on each side. All measurements were carried out by the same examiner, blind to the clinical and laboratory data of the subjects participating in the study.
The upper normal value of the mean carotid IMT was defined as 0-6 mm, since 95% of the mean IMT values in controls did not exceed this value. Intima-media thickening was defined as the mean carotid IMT greater than 06 mm. Atherosclerotic plaques were defined as focal lesions more than 1 mm thick.
BLOOD SAMPLING Blood for lipid analysis was sampled on two occasions in a period of four to eight weeks and the mean value of the two measurements was calculated. On the second occasion blood samples for the measurements of glucose, Lp(a), and several haemostatic indices were taken as well. Blood was collected from the antecubital vein between 7 am and 9 am after a 12 hour overnight fast. The second blood sampling was performed after 20 figure. In the FH group, 21 patients had increased mean IMT and seven had normal IMT, while in the control group only one subject had an increased The variables that were significant or were IMT, intima-media thickness; t-PA, tissue plasminogen activator; PAI, plasminogen activator inhibitor.
*P < 0-05. approaching statistical significance in the univariate analysis were included in the multiple regression analysis. When LDL cholesterol, triglycerides, systolic blood pressure, sex, age, and t-PA antigen were entered into the model, LDL cholesterol (r = 0O56, P < 0.001) and systolic blood pressure (r = 0-28, P < 005) emerged as independent determinants of the mean IMT. This model explained 44% of the variation of mean IMT (P < 0 001). When the group assignment (FH or control group) was entered in the analysis instead of LDL cholesterol, 61% of the variation of the mean IMT (P < 0 001) could be explained by the group assignment, triglycerides and age (table 3) . The multiple regression model that explained the greatest portion of the variation of the mean IMT in healthy subjects is shown in table 4. Sex, age, and triglycerides explained 47% of the variation of the mean IMT (P < 0.001)
Discussion
The aim of our study was to investigate the intima-media thickness of the carotid arteries in young patients with FH and compare the findings with those of well matched healthy normolipidaemic controls. In 28 healthy controls with a mean age of 20 years the mean IMT was smaller than 0O6 mm in all but one subject. Therefore the 95th centile-that is, 0-6 mm-was taken as the upper limit of normal IMT. We could find no published reference values of IMT for this age group. In a study on Eastern Finnish men aged from 42 to 60 years7 the average carotid IMT was between 0 53 and 2-25 mm [mean (SD) [1] [2] (0-28) mm]. In healthy Japanese subjects without risk factors for atherosclerosis, aged from 24 to 74 years, mean IMT of 0 59 (0-15) mm has been reported by Handa et al. 8 The IMT of the carotid arteries was significantly increased in our subjects, being greater than 0-6 mm in 75%. In addition, atherosclerotic plaques were found in 25% of FH patients, but in none of the controls. In the single study on IMT in healthy subjects was correlated with body height, weight, systolic blood pressure, triglyceride concentration, t-PA antigen, and marginally with age and body mass index. The intima-media complex was thicker in men than in women. In multivariate analysis only male sex, age, and triglyceride concentration were positively related to IMT. These results provided the expected conclusion that IMT values in growing healthy youngsters depended primarily on body size as determined by height, weight, sex, and age. However, the contribution of several risk factors, even within so called normal limits, was also indicated. Among fibrinolytic variables only t-PA antigen, which is believed to indicate endothelial damage,27 was correlated with carotid IMT.
Univariate analysis in FH patients showed only one variables that was related to IMT, which was age. However, t-PA antigen values in the FH patients with normal IMT were lower than in the other FH patients. The fact that the IMT was almost independent of anthropometric variables can be explained by the major influence of raised cholesterol on the intima-media thickening: its impact may be so predominant in FH patients that it masks the contribution of other factors.
We found no correlation between IMT and Lp(a) concentration. There was also no significant difference in Lp(a) concentration between the FH patients and controls, but FH patients with atherosclerotic plaques had higher Lp(a) levels than the other FH patients. This may indicate that a high plasma Lp(a) concentration is not involved in the development of early changes of the arterial wall preceding atherosclerotic lesions but contributes to a faster progression of atherosclerosis. Correspondingly, in another study in subjects with plaques in the carotid arteries detected by Doppler ultrasonic imaging, higher serum Lp(a) concentrations were found than in subjects with no plaques.28 A correlation was also found between serum Lp(a) concentrations and coronary artery stenosis documented by angiography. '9 In the study of Tato et al30 Lp(a) was found to be the lipoprotein index with the highest discriminative power for the presence of a pathological duplex scan in FH patients older than 30 years.
In conclusion, young patients with FH have a significantly thicker intima-media complex in the carotid arteries than healthy subjects. However, individual response is variable and greater than in healthy individuals. Since the increased IMT is considered to be an early stage of atherosclerosis, the regular follow up of IMT changes in individuals at high risk may be warranted. If the association of the increased carotid IMT with atherosclerosis in other vital locations is confirmed in prospective studies, the ultrasound examination of carotid arteries may serve as a non-invasive test to identify those who are more likely to develop premature ischaemic coronary, cerebrovascular, or limb disease, and to monitor the effect of medical intervention aimed at the regression of atherosclerosis during its early stages.
